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STRUCTURE AND METHOD TO FORM
IMPROVED ISOLATION IN A
SEMICONDUCTOR DEVICE

FIELD OF THE INVENTION

This mvention relates to a method for fabricating shallow
trench 1solation (ST1) regions during semiconductor fabrica-
tion, and more particularly, fabricating STI regions during
fabrication of complementary metal-oxide semiconductor
(CMOS) devices to enhance inter-well 1solation and intra-
well 1solation of doped substrate areas.

BACKGROUND OF THE INVENTION

Complementary metal-oxide semiconductors (CMOS) are
a major class of integrated circuits (ICs). CMOS chips
include microprocessors, microcontrollers, static RAM, and
other digital logic circuits. An advantage of CMOS technol-
ogy 1s that 1t only uses significant power when 1its transistors
are switching between on and off states. Consequently,
CMOS devices use significantly less power and produce less
heat than other forms of logic devices. CMOS technology
also allows a high density of logic functions on a chip. In
present semiconductor technology, CMOS devices, such as
nFETs or pFETs, are typically fabricated upon semiconduc-
tor walers, such as silicon (S1).

Generally CMOS processing includes forming multiple
shallow trench 1solation (STI) regions 1n a top layer of a
substrate. The STI regions are typically formed to 1solate, for
example, a silicon on insulator (SOI) device region or an
clectronic component area 1 an SOI substrate, from another
device region. The SOI device region may be formed by
selectively implanting p-type or n-type dopants into the semi-
conductor layer. A plurality of wells, e.g., P-wells, N-wells,
can also be formed in the device region. For example, a P-well
1s formed of a P-type semiconductor material, and an N-well
1s formed of an N-type semiconductor material. A series of
P-wells and/or a series of N-wells can be formed 1n the SOI
substrate. It 1s noted that the N-type device region 1s typically
used when a pFET channel 1s to be subsequently formed,
while a P-type device region 1s typically used when an nFET
channel 1s to be subsequently formed.

The STI regions are formed utilizing processing steps that
are known to those skilled in the art including, for example,
trench definition and etching, optionally lining the trench
with a diffusion barrier, and filling the trench with a trench
dielectric such as an oxide. After the trench fill, the structure
may be planarized and an optional densification process step
may be performed to density the trench dielectric.

Currently, various oxides and nitrides are used as the STI
dielectric material. As CMOS processing scales smaller, shal-
low trench 1solation (STI) dimension needs to be reduced,
resulting 1n poorer 1solation (well to well, or junction to well)
which may result 1n high leakage, or electrical breakdown.

Additionally, there are two types of 1solation 1n a CMOS
circuit. Inter-well STT 1solates two different wells (between
an N-well and a P-well), and intra-well STI 1solates devices
within a well (within an N-well or within a P-well). Although
deeper STI trenches give better 1solation, the depth of inter-
well STI trenches needs to stay within the well boundary to
maintain electrical connection of the well.

It would therefore be desirable to provide a method to
create wider and deeper inter-well and intra-well 1solation
without negatively impacting circuit density. It would also be
desirable to provide different size iter-well and inter-well
STI1 trench 1solation without negatively impacting circuit den-
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sity. It would further be desirable to enhance performance of
a CMOS chip/water without significantly increasing the cost
of manufacturing while creating wider and deeper inter-well
and intra-well STT trenches.

SUMMARY OF THE INVENTION

In an aspect of the present invention, an STI trench 1n a
substrate for semiconductor fabrication 1s disclosed. The sub-
strate includes a well including a dopant positioned between
at least two electrical component areas on a top surface of the
substrate and at least one ST1 trench 1n the substrate including,
an upper portion of the atleast one STI trench defining a width
ol a trench opening at a surface of the substrate. The at least
one STI trench including an oxidized porous region in the
substrate adjacent a bottom portion of the at least one STI
trench.

In a related aspect, the oxidized porous region of the at least
one STI trench includes a width greater than the width of the
trench opening.

In a related aspect, the at least one ST1 trench 1s filled with
a dielectric.

In a related aspect, the dielectric includes an oxide.

In a related aspect, the STI trench has a lower width less
than an upper width and where both the upper and lower
widths are greater than the width of the trench opening.

In a related aspect, the STI trench 1s a first STI trench
defining a first opening having a first width, and a second ST1I
trench 1n the substrate defines a second opeming having a
second width. The oxidized porous region of the first trench
has a first width and a first depth, and the oxidized porous
region of the second trench having a second width and a
second depth.

In a related aspect, the well 1s a first well having a first
dopant of a first conductivity and the substrate further
includes a second well having a second dopant of a second
conductivity. The atleast one STItrench 1s a first trench which
divides an upper portion of the first and second wells and a
second ST trench divides the upper portion of the first well or
the second well. Upper portions of the first and second STI
trenches define first and second widths of first and second
trench openings, respectively. Both the first and second
trenches include the oxidized porous region.

In a related aspect, the first STI trench 1s wider and deeper
than the second STI trench including their respective oxidized
pPOrous regions.

In a related aspect, the first STI trench 1s deeper than the
second STI trench and located between the first well having
n-type dopant and the second well having a p-type dopant,
and the second STI trench 1s located within the second well.

In arelated aspect, the second trench 1s adapted to allow the
second electrical conductivity within the second well beneath
a bottom of the second STI trench.

In a related aspect, the first and second STI trenches both
include upper implant regions having a greater width than
lower implant region widths. The widths of both the lower and
upper implant regions are greater than widths of their respec-
tive trench opening widths.

In another aspect according to the present mmvention, a
method for processing a semiconductor substrate for forming
an STI (shallow trench 1solation) region 1n a substrate i1s
provided and may be used during CMOS (complementary
metal-oxide semiconductor) {fabrication. The inventive
method includes providing a substrate having a well includ-
ing a dopant. A pad layer stack 1s deposited on the substrate.

An STI trench 1s formed in a hard mask.
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In a related aspect, the step of forming the STI trench
turther includes the steps of: etching a partial STI trench 1n an
upper portion of the substrate which may divide the well;
forming a silicon nitride spacer layer above a pad layer on the
top surface of the substrate; etching the silicon nitride spacer
layer to form spacers on opposite sides of the trench opening;
and etching the partial STI trench to form a full STT trench.

In a related aspect, the step of forming the implant region
includes implanting boron into the substrate adjacent the
lower portion of the STI trench to form the implant region.
The mmplant region 1s anodized to form a porous silicon
region, and the implant region 1s oxidized to form an oxidized
region.

10

In a related aspect, the method further includes after oxi- 15
dizing the implant region: forming a dielectric layer on the top
surface of the substrate filling the ST1 trench; and removing
the dielectric layer using CMP to provide at least two electri-
cal component areas on the top surface of the substrate having
the STI trench therebetween including the oxidized implant 20
region.

In a related aspect, the substrate includes at least a first well
and a second well including dopants of a first conductivity
and a second conductivity, respectively. The STI trench 1s a
first STT trench dividing the first and second wells to provide 2>
two electrical component arecas on the top surface of the
substrate having the first STI trench therebetween. The sec-
ond well has a second conductivity and 1s divided by a second
STI trench to provide at least two electrical component areas
on the top surface of the substrate having the second STI 3Y
trench therebetween. Further, the step of implanting boron 1s
implemented at a specified angle for each of the first and the
second STI trenches such that the implant region of the first
STI trench 1s wider and deeper than an implant region of the

second STI trench. 33

In a related aspect, the method further comprises: deposit-
ing a silicon nitride spacer layer on the top surface of the
substrate; and etching the spacer layer to form spacers on

opposite sides of the trench opening. X0
In a related aspect, the method further includes forming a

pad layer on the top surface of the substrate before etching the
STI1 trench, and removing the pad layer from the top surface of
the substrate when removing the dielectric layer.

In another aspect according to the present invention, a 45
method 1s provided for processing a semiconductor substrate
which comprises providing a first well including a first dopant
of a first conductivity or at least two wells including dopants
of either the first conductivity or a second dopant of a second
conductivity 1n an upper portion of a substrate. A top surface s
ol the substrate defines an STI trench opening having a trench
opening width. A first STI trench 1s formed dividing the first
and second wells or a plurality of STI trenches including the
first STI trench dividing the first and second wells and a
second STI trench dividing the second well. Boron 1s 4
implanted 1n the substrate adjacent a lower portion of the STI
trench forming an implant region. The implant region 1s anod-
ized to form a porous silicon region, and then the implant
region 1s oxidized to form an oxidized region. A dielectric
layer 1s tormed over the top surtace of the substrate filling the ¢,
STI trench. The dielectric layer 1s formed using CMP to
provide at least two electrical component areas on the top
surface of the substrate having the STI trench therebetween
including the oxidized region and the ST1 trench 1s wider than
the trench opening width. 65

In a related aspect, forming the dielectric layer includes a
high density plasma (HDP) method.

4

In a related aspect, anodizing the implant region includes
using hydrofluoric acid (HF) to form pores in the implant
region to form the porous silicon region.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of the
present mvention will become apparent from the following
detailed description of illustrative embodiments thereof,
which 1s to be read in connection with the accompanying
drawings, 1n which:

FIG. 1 1s a block diagram according to an embodiment of
the 1nvention depicting a silicon substrate having a pad layer
over a top surface thereof and a substantially central partial
trench dividing a P-well region and a N-well region;

FIG. 2 1s a block diagram of the silicon substrate shown 1n
FIG. 1 depicting a layer of silicon nitride;

FIG. 3 1s a block diagram of the silicon substrate shown 1n
FIGS. 1 and 2 depicting silicon nitride spacers and a tull
trench;

FIG. 4 1s a block diagram of the silicon substrate shown 1n
FIGS. 1-3 depicting a boron implantation region;

FIG. 5 1s a block diagram of a porous silicon region formed
in the silicon substrate of the trench shown in FIGS. 1-4;

FIG. 6 1s a block diagram depicting an oxidized trench
region of the silicon substrate shown i FIG. §;

FIG. 7 1s a block diagram of the trench and oxidized trench
region of FIG. 6 being filled with a dielectric layer;

FIG. 8 15 a block diagram of the substrate shown 1n FIG. 7
having removed the dielectric layer and the pad layer and
formed transistors on a top surface of the substrate;

FIG. 9 1s a block diagram depicting another embodiment of
the invention including a silicon substrate having a pad layer
over a top surtace thereof and depicting an inter-well STI
trench and an intra-well STI trench;

FIG. 10 1s a block diagram of the silicon substrate shown in
FIG. 9 depicting a boron implantation region adjacent to the
trenches;

FIG. 11 1s a block diagram of a porous silicon region
formed 1n the silicon substrate of the trench shown 1n FIGS.
9-10;

FIG. 12 1s a block diagram depicting oxidized trench
regions of the silicon substrate shown in FIG. 11;

FIG. 13 1s a block diagram depicting a dielectric layer over
the substrate and filling the trenches shown 1n FIG. 12; and

FIG. 14 1s a block diagram depicting the dielectric layer
and pad layer removed and the trenches are dielectric filled
and having oxidized trench regions.

DETAILED DESCRIPTION OF THE INVENTION

An exemplary embodiment of the method 10 for forming
an STT (shallow trench 1solation) on a substrate during CMOS
(complementary metal-oxide semiconductor) fabrication
according to the present invention 1s shown in FIGS. 1-8.
Referring to FIG. 1, the method 10 begins for illustrative
purposes by providing a substrate 14 of silicon which
includes an upper portion 232 having a top surface 16 and a
lower portion 236. A pad layer 18 which may comprise a film
stack including a thin pad oxide and an overlaying pad nitride
1s located over the top surface 16 of the substrate 14. The pad
oxide may be, for example, about 50-100 A° (angstroms) and
the pad nitride about 500-2000 A° thick. The substrate 14
may also be a combination of silicon and another substance,
for example, germanium. A partial trench 26 1s formed
through the pad layer 18 and 1n the substrate 14. The partial
trench 26 extends downwardly from the top surface 16 a
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specified depth 30 which 1s less than the depth of a full trench
96, shown 1n FIG. 3. Also, for example, a hard mask may be
used as a template, which 1s typically made of patterned metal
or metal-oxide film, 1n forming the partial trench 26.

P-well dopant area 42 and N-well dopant arca 44 were
previously formed into the substrate utilizing techniques that
are known to those skilled 1n the art. The partial STT (shallow
trench 1solation) trench 26 divides the P-well dopant area 42
and an N-well dopant area 44 1n the substrate. The partial STI
trench may be formed using conventional etching methods
known 1n the semiconductor manufacturing industry.

A silicon nitride layer 52 1s formed over the pad layer 18
and fills the partial trench 26 with a layer of silicon mitride, as
shown 1n FIG. 2. The silicon mitride layer 52 1s a spacer layer
for forming spacer 84 shown 1n FIG. 3 using conventional
ctching methods to remove the silicon nitride layer 52 and
leaving the remaining spacers 84 on opposite sides of the
upper portion 232 of the trench 92 shown 1 FIG. 3. The
partial STI trench 56 shown in FIG. 2 1s also etched to form
the full STI trench 92 shown in FIG. 3, using conventional
ctching method know 1n the art.

Referring to FIGS. 3 and 4, the full STT trench 92 1s etched
to a specified depth 96 and the side walls 98 are tapered
inwardly toward one another so that the width 212 of the
mouth or opening 224 of the trench 92 communicating with
the top surface 16 of the substrate 1s wider than the bottom
width 108 of the trench by a specified amount 110. The full
trench 92 1s generally “V” shaped.

Referring to FIG. 4, a low energy boron implantation using,
known techniques forms a boron implant area 126 surround-
ing a lower portion 236 of the trench 92. The low energy
boron implantation 1s performed utilizing an implant energy
of above 15 kev (kiloelectron volts) or less, with an implant
energy ol about 2 to about 50 kev being more preferred. In this
step, a boron concentration of about 515 to about 516 atoms/
cm?2 1s implanted. Other species such as BF2 may also be
used. BF2 1s a compound of Boron and Fluorine, which 1s also
commonly used to implant Boron. When using B and F, F
becomes F2 gas escaping from an Si substrate.

The semiconductor structure/substrate 14 1s then annealed
to activate the implanted dopants. The annealing process may
use a furnace, a rapid thermal anneal chamber, or a spike
anneal tool. The anneal temperature 1s typically 1n a range
between 600° C. to 1100° C. The anneal ambient gas may
include He, Ar, O,, N,, and mixtures thereof.

Referring to FIGS. 4 and 5, the boron implant area 126 1s
anodized using, for example, hydrofluoric acid (HF) to form
pores 1n the boron implant area 126. The anodization results
in forming a porous silicon trench region 150 or implant
region, which 1s generally “V” shaped, adjacent to the open
well 153 of the trench 92.

Referring to FIG. 6, an oxidation procedure 1s applied to
the porous silicon region 150 to form a “V” shaped oxidized
region 162. The oxidation can be implemented with known
techniques which may include, for example, at a low tem-
perature (on the order of about 1100° C. or less) oxidation.
The oxidation results 1n forming the “V™” shaped oxidation
region 162 which upper portion 232 1s wider than the mouth
width 212 of the full trench 156. The mouth width 212 1s
narrower than the upper and lower widths 216, 220, respec-
tively, of the “V” shaped oxidation region 162, where the
upper width 216 1s larger than the lower width 220, as shown
in FIG. 6, by a specified amount 224.

Referring to FIG. 7, an oxide layer 172, or another like
trench dielectric 1s formed using conventional methods which
may 1nclude, for example, a high-density plasma (HDP)
method. The oxide layer 172 1s formed over the silicon nitride
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6

layer and fills the full STI trench as shown 1n FIG. 7 to form
a “V” shaped oxide filled region 162.

Referring to FIG. 8, the oxide layer 172 and the pad layer
18 have both been removed using conventional planarization
techniques to expose the top surface 16 of the substrate. The
oxide filled STI trench 176, which includes the “V” shaped
oxide filled region 162, includes nitride spacers 84 1n the
upper portion 232 of the trench 176 adjacent to the top surface
16. Electrical elements 202 are formed on electrical compo-
nent forming areas 192 on the top surface 16 of the silicon
substrate 14 using conventional techniques which may
include, techniques used during typical CMOS or BiICMOS
processing of semiconductors. The electrical forming areas
192 may be formed using chemical mechanical polishing
(CMP) techniques which involve mechanical polishing in the
presence of chemicals which also contribute to the polishing
process. The electrical elements 202 may be, for example,
transistors, and more specifically MOSFETs (metal-oxide-
semiconductor field-effect transistors). The oxide filled STI
trench 176 1s between the electrical components 202.

More specifically, the oxide trench 176 mouth or opening,
224 adjacent to the top surface 16 of the substrate 14 has a
specified width 212 (shown 1n FIG. 6). The oxade filled “V™
shaped region 162 is in the lower portion 236 of the trench
176. The “V” shaped region 162 1s wider than the mouth of
the full trench 92 which has a narrower width 212 than the
upper and lower widths 216, 220, respectively, of the oxide
filled “V” shaped region 162. The oxade filled “V” shaped
region 162 has a top width 216 which 1s larger than 1t’s bottom
width 220.

The trench 176 including the “V” shaped oxidation region
162 allows shallow trench i1solation (ST1) trench dimensions
that require less component forming arca 192 on the top
surface 16 of the substrate while providing deeper and wider
trench 1solation within the substrate. This results in better
trench 1solation without sacrificing valuable component
forming/device region real estate on the top surface 16 of the
substrate. The method of the present invention mimimizes the
width 212 (shown 1n FIG. 6) of the mouth 224 of the trench
176 and has the capability to vary the trench size beneath the
surface ol the substrate 14 to maintain 1solation between wells
and associated electrical devices while minimizing well leak-
age.

Another illustrative embodiment according to the method
of the present invention 1s shown in FIGS. 9-12. Generally,
inter-well STI 1solates two different wells, for example,
N-well and P-wells, and intra-well STI i1solates devices
within a well, for example, within an N-well or within a
P-well. The width of the inter-well STI1s wider than the width
of the itra-well STI, while both provide the 1solation
required. The deeper an STI, the better 1solation, however, the
depth of the intra-well STI needs to stay within the well
boundary to maintain electrical connection of the well. Both
types of STI trenches may be formed using conventional
ctching methods known 1n the semiconductor manufacturing
industry.

Referring to F1G. 9, anillustrative STI formation according
to an embodiment 300 of the invention includes a substrate
302 which may be silicon or a silicon combination. The
substrate 302 includes a pad layer 306 covering a top surface
304 ofthe substrate 302. Similar to the embodiment 10 shown
in FIG. 1, the pad layer 306 may comprise a {ilm stack includ-
ing a thin pad oxide and an overlaying pad nitride located over
the top surface 304 of the substrate 302. The substrate
includes an upper portion 310 and a lower portion 314. A first
inter-well STI trench 402 divides a P-well dopant region 426
and N-well dopant region 450. A second intra-well STI trench
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452 divides an N-well region into N-well region 450 and
another N-well region 472. The first and second ST1 trenches
402, 452 may be formed using conventional lithographic and
etching methods known 1n the semiconductor manufacturing
industry. Dopant areas 426, 450, 472 were previously formed 5
into the substrate utilizing techniques that are known to those
skilled 1n the art. The STI trenches 402, 452 are etched to
specified dimensions including depth and width. The first and
second trenches 402, 452 have nitride spacers 408 on oppos-
ing sides of the mouths or openings 412, 456 of the trenches 10
402, 452. The nitride spacers 408 can be formed as described

in the previous embodiment 10 referring to FIGS. 2 and 3.

The first STI trench 402 1s generally “V” shaped and
includes a mouth 412 width 416 which 1s larger than the width
420 at the lower portion 430 of the first trench 402. The 15
difference 1n the width 416 at the mouth 412 of the trench 402
and the width 420 at the lower portion 430 of the trench 402
1s a specified amount 424 determined by the desired dimen-
sions of the STI trench 402.

The second STI trench 452 1s also generally “V” shaped 20
and also includes a mouth 456 having a width 454 which 1s
larger than the width 464 at the bottom 460 of the second
trench 452. As with STI trench 402, the difference in the
width 454 at the mouth 456 of the trench 452 and the width
464 at the bottom 460 of the trench 452 1s a specified amount 25
468 determined by the desired dimensions of the trench 452.
The first STT trench 402 1s generally wider than the second
STI trench 452 because the first STI trench 402 provides
1solation between P-well 426 and N-well 450. The second
STI trench 452 provides partial isolation between two 30
N-wells 450, 472. Thus, since the second STI trench 452
provides 1solation as well as maintaining the N-wells 450,
472 electrical conductivity, the dimensions of the second STI
trench 452 ditfer from the first STI trench 402.

Referring to FIG. 10, the first STI trench 402 1s subjected to 35
an angled boron implant 502 forming an implant region 510
adjacent to the open well 511 of the STI trench 402. The
dimensions of the first implant region 510 are determined by
the angle of the trajectory of the boron implantation. For
example, 1f the trajectory of the boron implantation 1s sub- 40
stantially vertical, then the boron implant at the bottom 430 of
the trench 402 will be larger than in other areas along the
trench not directly impacted by the implant trajectory. The
dimensions of the second implant area 350 are similarly
determined by the boron implant trajectory 506. Thus, the 45
dimensions of the boron implant area 510, 550 are determined
by the angle of the implant trajectories 502, 506, not by using,

a mask. Therefore, the method according of the present inven-
tion eliminates the need for a masking procedure when form-
ing the trenches. The elimination of a masking procedure 50
favorably impacts manufacturing costs and production time

of a semiconductor water.

Referring to FIGS. 10-11, the boron implant areas 5310, 550
are anodized using, for example, hydrofluoric acid (HF) to
form pores 1n the boron implant areas 510, 550. The anodiza- 55
tion results 1n forming a first porous silicon region 602 or first
implant region, which 1s generally “V”” shaped, adjacent to the
open well 604 of the first trench 634. Similarly, the anodiza-
tion results 1n forming a second porous silicon region 624 or
second 1mplant area, which 1s generally “V” shaped, and 60
adjacent to the open well 626 of the second trench 638. As
shown 1n FIG. 11, the first porous silicon region 602 has an
upper width 628 which 1s larger than the width 402 of the
mouth 412 of the first ST trench 634. Similarly, the second
porous silicon region 624 has an upper width 636 which 1s 65
larger than the width 454 of the mouth 456 of the second STI
trench 638.

8

Retferring to FIGS. 11 and 12, the porous silicon regions
602 and 624 are oxidized to form “V” shaped oxidized
regions 674, 678. The oxidation can be implemented with
known techmques which may include, for example, low tem-
perature oxidation. The oxidation results 1n forming the “V™
shaped first oxidation region 674 which has a width 710 at an
upper portion 704 adjacent the spacers 408 that 1s wider than
the mouth 412 width 402 (shown in FIG. 11) of the first STI
trench 702. The upper portion 704 width 710 1s wider than the
width 714 at a lower portion 705 of the first oxidation region
674. Similarly, the oxidation results 1n forming the “V”
shaped second oxidation region 678 which has a width 718 at
an upper portion 708 adjacent the spacers 408 that 1s wider
than the mouth 456 width 454 (shown in FIG. 11) of the
second STI trench 706. In the second oxidation region 678,
the upper portion 708 width 718 1s wider than the width 722
at the lower portion 709 of the second oxidation region 678.

Referring to FIG. 13, an oxide layer 752 1s formed using
conventional methods which may include, for example, a
high-density plasma (HDP) method. The oxide layer 752 1s
formed over the pad layer 306 and fills the first and second
STI trenches 802, 806, respectively, as shown 1 FIG. 13 to
form “V” shaped first and second oxide filled regions 810,
814. The dimensions of the first and second trenches 802, 806
are the same as for the first and second trenches 702, 706,
respectively, shown 1n FIG. 12.

Referring to FIGS. 13 and 14, the oxide layer 752 and the
pad layer 306 are both removed, as shown 1n FIG. 14, using

conventional planarization techniques to expose the top sur-
tace 304 of the substrate 302. The oxide filled first STI trench

802, which includes the “V” shaped oxide filled region 674,
includes nitride spacers 408 1n the upper portion of the first
STI trench 802 adjacent to the top surface 304. The dimen-
sions of the first and second “V” shaped oxide regions 674,
678, respectively, are shown 1n FIGS. 12 and 14, and are part
of the first and second oxide filled STI trenches 802, 806,
respectively.

More specifically, the first oxide trench 802 mouth 412
(shown 1n FIG. 13) adjacent the top surface 304 of the sub-
strate 302 has a specified width 402. The first oxide trench 802
includes the oxide filled “V” shaped region 674. The second
oxide trench 806 mouth 456 15 also adjacent the top surface
304 of the substrate 302 and has a specific width 454. The
second oxide trench 806 includes the oxide filled “V™” shaped
region 678. Both the “V” shaped regions 674, 678 arc wider
than the mouths 408, 456 of the first and second trenches, 802,
806, respectively. The mouth widths 402, 454 are smaller than
the upper and lower widths 710, 714, 718, 722, respectively,
of the oxade filled “V”” shaped regions 674, 678, respectively.

Thus, more of the valuable real estate on the top surface
304 of the substrate 302 1s left for electrical component devel-
opment while the “V” shaped portions 674, 678 of the
trenches 802, 806 are wider and of a specified depth to pro-
vide the desired 1solation between the P-well 426 and the
N-well 450, and within the N-well between N-wells 450 and
472.

Electrical elements can be formed 1n electrical component
arcas 822a, 822b, 822¢ on the top surface 304 of the silicon
substrate 302 using conventional techniques which may
include, techniques used during typical CMOS or BiICMOS
processing of semiconductors. The electrical elements 202
may be, for example, MOSFETs (metal-oxide-semiconduc-
tor field-effect transistors), similar to the MOSFETs 202
shown in FIG. 8. Thus, the oxide filled first ST1 trench 802 can
1solated electrical components formed on electrical compo-
nent arcas 822a and 8225 1solating the P-well and the N-well
clectrical component areas 822a, 822b, respectively. The
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oxide filled second trench 806 can 1solate electrical compo-
nents formed on electrical component areas 8225 and 822¢
isolating the components within the N-well creating two
N-well electrical component areas 822b, 822¢ 1solated from
one another. The “V” shaped portion 678 of the STI trench
806 1s less 1n depth than the *“V” shaped portion 674 of the STI
trench 802 by a specified amount 826. The depth of the “V”
shaped portion 678 1s designed to provide 1solation between
the N-wells 450, 472 while providing necessary electrical
contact between the N-wells 450, 472 underneath the bottom
832 of the STI trench 806.

While the present invention has been particularly shown
and described with respect to preferred embodiments thereof,
it will be understood by those skilled 1n the art that changes 1n
forms and details may be made without departing from the
spirit and scope of the present application. It 1s therefore
intended that the present invention not be limited to the exact
forms and details described and illustrated herein, but falls
within the scope of the appended claims.

What 1s claimed 1s:

1. A semiconductor structure comprising:

a substrate having at least one well including a dopant; and

at least one STI trench 1n the substrate including an upper

portion of the at least one STI trench defining a width of
a trench opening at a surface of the substrate, and the at
least one S'T1 trench including an oxidized porous region
in the substrate adjacent a bottom portion of the at least
one STI trench and

the at least one STTI trench 1s filled with a dielectric oxide,

wherein the at least one STI trench includes a first STI
trench defiming a first opening having a first width, and a
second STI trench defining a second opening having a
second width, and the oxidized porous region of the first
trench having a first width and a first depth, and the
oxidized porous region of the second trench having a
second width and a second depth.

2. The structure of claim 1, wherein the oxidized porous
region of the at least one STI trench includes a width greater
than the width of the trench opening.
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3. A semiconductor structure comprising:

a substrate having at least one well including a dopant; and

at least one STI trench 1n the substrate including an upper

portion of the at least one STI trench defining a width of
a trench opening at a surface of the substrate, and the at
least one ST trench including an oxidized porous region
in the substrate adjacent a bottom portion of the at least
one STI trench and

the at least one STT trench 1s filled with a dielectric oxide,

wherein the at least one well 1s a first well having a first
dopant of a first conductivity and further including a
second well 1n the substrate having a second dopant of a
second conductivity; and

the at least one ST1 trench 1s a first trench which divides an

upper portion of the first and second wells and a second
STI trench which divides the upper portion of the first
well or the second well, and upper portions of the first
and second ST1 trenches defining first and second widths
of first and second trench openings, respectively, and
both the first and second trenches including the oxidized
POrous region.

4. The structure of claim 3 wherein the first STT trench 1s
wider and deeper than the second ST1 trench including their
respective oxidized porous regions.

5. The structure of claim 3 wherein the first STI trench 1s
deeper than the second STI trench and located between the
first well having an n-type dopant and the second well having
a p-type dopant, and the second ST1 trench 1s located within
the second well.

6. The structure of claim 5 wherein the second trench 1s
adapted to allow the second electrical conductivity within the
second well beneath a bottom of the second STI trench.

7. The structure of claim 3 wherein the first and second STI
trenches both include upper implant regions having a greater
width than lower implant region widths and the widths of both
the tower and upper implant regions being greater than widths
of their respective trench opening widths.
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